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PHOTOEMISSION MONITORING OF EUV
MIRROR AND MASK SURFACE

CONTAMINATION IN ACTINIC EUV
SYSTEMS

PRIORITY CLAIM

This patent claims priority to U.S. Provisional Patent
Application No. 61/651,863 filed May 25, 2012 and U.S.
Provisional Patent Application No. 61/651,876 filed May 25,
2012, both of which are incorporated by reference in their
entirety.

BACKGROUND

1. Field of the Invention

The present invention relates to surface contamination
detection. More particularly, the mvention relates to pho-
toemission detection of surface contamination on mirrors or

masks used in EUV (extreme ultraviolet) technology.
2. Description of Related Art

U.S. Pat. No. 4,998,019 to Stokowski et al., which 1s
incorporated by reference as i1f fully set forth herein,
describes contaminant detection on the surface of a variety
of electrically conductive materials (e.g., semiconductor
surfaces, metals, or metal silicides). FIGS. 1 and 2 depict an
example of a photocontamination detection scheme using
UV light source (15, 35), focusing optics (17,37), and set of
clectrodes (41) to pick up photoemission from the test
surface. Positive bias supplies (43, 50) and set of electrodes
(49) provide correction for capacitive changes with gap
dimension. Operational amplifiers (45, 52), diflerential pro-
cessing (35), and a mechanical scan method (13) allow
coverage of all points on the test surface.

The photocontamination detection scheme disclosed in
U.S. Pat. No. 4,998,019 1s intended for use at pressures up
to atmospheric pressure with the electrodes running close to
the test surface to minimize electron attachment and loss of
sensitivity (mainly due to O, presence). Electron attachment
and the loss of sensitivity could also be minimized by
introducing gases such as He, Ne, Ar, Kr, Xe, or N, into the
optional electrical shield (59). The disclosed scheme may be
very sensitive with the photoelectric current being reduced
by up to four to six orders of magnitude by an increase 1n the
contamination layer thickness of 100 A. The disclosed
scheme 1s a stand alone test, however, that requires a
dedicated UV light source and close location of the elec-
trodes to the test surface 1n order to maintain sensitivity. The
close location of the electrodes may interfere with the
primary EUV beam path and may require the second set of
clectrodes to compensate for capacitance gap-related
changes, which increases the design complexity of the
system.

Several techniques for contamination detection using
photoelectric emission detection have been subsequently
developed for EUV lithography (EUVL). These techniques
can be used to not only monitor contamination and radiation
flux but to also maintain system optical alignment, control
EUVL exposure levels, and regulate cleaning processes.

Examples of these techniques may be found i U.S. Pat.
Appl. Pub. Nos. 2002/0190642; 2007/0008517; and 2009/

0059196; and U.S. Pat. Nos. 6,710,351; 6,545,2°72; 6,842,
500; 7,060,993; and 7,928,412, all of which are incorporated
by reference as 11 tully set forth herein. Some problems with
these techniques include mvasive features such as requiring,
clectrically 1solated and biased EUVL mirrors with surface
contact or employing detectors built into the structure of ML
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(multilayered) mirrors. Other problems include constraints
in the space envelope with arranged detectors at pre-defined

angles to the target, unknown/unspecified sensitivities due to
using unspeciiied ammeters to monitor photoelectric cur-
rents, required structure and support by using electrodes in
forms of rings directly above mirrors to monitor photoelec-
tric currents, required gas supplies and regulation by ntro-
ducing gases into the EUV vacuum system to emit photo-
clectrons 1n situ along the EUV path, and/or having
unspecified detectors and unidentified means of coupling
radiation or photoelectrons.

Many other techniques have also been used for detecting
surface contaminants including, but not limited to, other
forms of photoemission spectroscopy (e.g., angle-resolved
photoemission spectroscopy (ARPES)), X-ray photoelec-
tron spectroscopy (XPS), time-oi-tlight secondary 1on mass
spectrometry (TOF-SIMS), and Auger electron spectroscopy
(AES). Such techniques are capable of detecting surface
contaminants at extremely low levels. These techniques,
however can be costly, have conflicting space envelope
1ssues, have a large footprint, cause surface damage, and/or
be difficult to integrate into EUV mask mspection systems.
The conflicting space envelope 1ssues arises due to many of
the surface contamination detection systems not being able
to easily fit into the space envelope of EUV mask inspection
systems. Additionally, drive, source, control, and other
ancillary equipment may require considerable additional
footprint.

SUMMARY

In certain embodiments, a photoelectron emission map-
ping system for photolithography masks includes a mask
defect inspection stage, a photoelectron source (e.g., an
EUV light source) used for mask inspection, and a photo-
clectron detector located outside a beam path between the
photoelectron source and the mask defect inspection stage.
The photoelectron detector may detect photoelectrons emiut-
ted from a surface of a mask (e.g., an EUV photolithography
mask) coupled to the mask defect ispection stage when
light from the photoelectron source impinges on the mask
during inspection of the mask. The surface of the mask may
be biased at a lower voltage than a region around the
photoelectron detector during use. In some embodiments,
fiber optics are used to introduce a time delay between
emission ol light from the photoelectron source and detec-
tion of photoelectrons by the photoelectron detector. The
photoelectron detector may detect both intensity and elec-
tron spectrum of the photoelectrons emitted from the mask
surface. The system may assess both photoelectron dose and
contamination at the surface of the mask.

In certain embodiments, a method for assessing contami-
nation on one or more photolithography masks includes
providing a photolithography mask to a mask defect inspec-
tion stage and providing an inspection beam of light to the
mask from a photoelectron source. Photoelectrons emitted
from a surface of the mask may be collected using a
photoelectron detector. The photoelectrons may be created
by impingement of the inspection beam on the surface of the
mask. The photoelectron detector 1s located outside a path of
the mspection beam between the photoelectron source and
the mask defect inspection stage. One or more properties of
the photoelectrons may be assessed to provide a photoelec-
tron emission map of the surface of the mask.

In certain embodiments, a photoelectron emission map-
ping system for extreme ultraviolet (EUV) mirrors includes
an EUV mirror, an EUV photoelectron source, and a pho-
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toelectron detector located to the side of the mirror. The
photoelectron detector may detect photoelectrons emitted
from a surface of the mirror when light from the photoelec-
tron source impinges on the mirror. The surface of the mirror
may be biased at a lower voltage than a region around the
photoelectron detector. Fiber optics may be used to intro-
duce a time delay between emission of light from the
photoelectron source and detection of photoelectrons by the
photoelectron detector. In some embodiments, the photo-
clectron detector includes a scintillator, a light pipe, and a
photoelectron multiplier tube. The scintillator may have a
voltage larger than a voltage at the surface of the mirror
during use to accelerate photoelectrons towards the scintil-
lator.

In certain embodiments, a method for assessing contami-
nation on one or more extreme ultraviolet (EUV) mirrors
includes providing a beam of EUV light to an EUV mirror
from a photoelectron source and collecting photoelectrons
emitted from a surface of the mirror using a photoelectron
detector. The photoelectrons may be created by impinge-
ment of the EUV beam on the surface of the mirror. The
photoelectron detector may be located to the side of the
mirror. One or more properties of the photoelectrons may be
assessed to provide a photoelectron emission map of the
surface of the mirror. In some embodiments, both intensity
and electron spectrum of the photoelectrons emitted from
the mask surface are assessed. In some embodiments, radia-
tion dose and contamination on the mirror are assessed using,
the assessed properties of the photoelectrons.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of the methods and apparatus of
the present mvention will be more fully appreciated by
reference to the following detailed description of presently
preferred but nonetheless 1llustrative embodiments 1n accor-
dance with the present invention when taken in conjunction
with the accompanying drawings in which:

FIGS. 1 and 2 depict a prior art example of a photocon-
tamination detection scheme.

FIG. 3 depicts a schematic of an embodiment of a
photoelectron emission mapping system.

FIG. 4 depicts a schematic of another embodiment of a
photoelectron emission mapping system.

FIG. 5§ depicts a schematic of an embodiment of a
modified Everhart-Thornley type detector.

While the invention 1s susceptible to various modifica-
tions and alternative forms, specific embodiments thereof
are shown by way of example 1n the drawings and will
herein be described in detail. The drawings may not be to
scale. It should be understood that the drawings and detailed
description thereto are not intended to limit the imnvention to
the particular form disclosed, but to the contrary, the inten-
tion 1s to cover all modifications, equivalents and alterna-
tives falling within the spirit and scope of the present
invention as defined by the appended claims.

DETAILED DESCRIPTION OF EMBODIMENTS

In the context of this patent, the term “coupled” means
either a direct connection or an indirect connection (€.g., one
or more intervening connections) between one or more
objects or components. The phrase “directly connected”
means a direct connection between objects or components
such that the objects or components are connected directly
to each other so that the objects or components operate in a
“point of use” manner.
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FIG. 3 depicts a schematic of an embodiment of photo-
clectron emission mapping system 100. System 100 may be
used to provide a map of photelectron emission on a test
surface (e.g., an EUV photolithography mask). System 100
may be located 1n a vacuum chamber (e.g., an EUV cham-
ber). The photoelectron emission map may be used as an
indicator of surface property changes and/or dosed radiation
on the EUV mask. Surface property changes may be caused
by, for example, contamination that may lead to photoelec-
tron yield change. In certain embodiments, system 100
provides the photoelectron emission map in real-time (e.g.,
in situ) during EUV mask 1nspection. In some embodiments,
system 100 provides the photoelectron emission map during,
a separate diagnostic procedure.

In certain embodiments, system 100 includes mask defect
inspection stage 102, detector 104, and photoelectron source
106. Mask 108 may be coupled to mask defect mspection
stage 102. Mask 108 may be, for example, an EUV photo-
lithography mask or other photolithography mask. In certain
embodiments, mask defect mspection stage 102 and photo-
clectron source 106 are part of an actinic EUV mask defect
inspection system. For example, mask 108 may be mspected
for defects at mask defect mnspection stage 102 using EUV
provided by photoelectron source 106. In some embodi-
ments, mask defect mspection stage 102 1s coupled to other
systems for transierring or transporting masks to/from the
mask defect inspection stage.

In certain embodiments, photoelectron source 106 1s an
EUV light source. For example, photoelectron source 106
may provide light at wavelengths between about 5 nm and
about 124 nm (the EUV wavelength range). EUV beam 110
from photoelectron source 106 may be used for defect
ispection ol mask 108.

In certain embodiments, detector 104 1s located at the side
of mask defect inspection stage 102 (e.g., out of the path of
EUV from photoelectron source 106 or the optics space
envelopes 1 system 100). Detector 104 may be a photo-
clectron detector. For example, detector 104 may be used to
detect photoelectrons ejected from mask 108 during expo-
sure to EUV beam 110 from photoelectron source 106.
Detector 104 may be any photoelectron detector capable of
detecting photoelectrons at the sensitivity and bandwidth
limits needed 1n system 100. Examples of detectors suitable
for use as detector 104 include, but are not limited to, a
scintillator-light pipe-PMT (photoelectron multiplier tube)
combination detector, a scintillator-APD (avalanche photo-
diode) detector, an electron multiplier detector, an MCP
(microchannel plate) detector, or a biased electrode detector.
In some embodiments, multi-pixel photon counting (MCCP)
devices based upon single photon APD arrays may be used
instead of a PMT or linear APD array.

During exposure to EUV beam 110 from photoelectron
source 106, photons from EUV beam 110 are absorbed 1n the
surface of mask 108 and create photoelectrons 112 that emit
from the mask surface. The yield rate of photoelectrons 112
may depend on the binding energy of the particular material
of the surface of mask 108 that interacts with EUV photons
from EUV beam 110. The photoelectron vield will vary
based on the contamination on the surface of mask 108. For
example, the photoelectron yield may vary based on carbon
deposition or oxidation on the surface of mask 108. Thus,
detection of the photoelectron yield using detector 104 may
provide information on the surface contamination level or
other surface property changes of mask 108.

In certain embodiments, detector 104 detects (e.g., col-
lects) photoelectrons 112 that emit from mask 108 (e.g., the
surface of the mask) during EUV exposure (e.g., during
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EUV exposure used to inspect the mask). The collected
photoelectrons may be analyzed and assessed to provide a
photoelectron emission map of the surface of mask 108.
EUV beam 110 may have a finite spot size on the surface of
mask 108 during scanning of the mask surface. In some
embodiments, EUV beam 110 scans the surface of mask 108
in a serial fashion (as shown by the arrows i FIG. 3). In
certain embodiments, detector 104 assesses both intensity
and electron spectra of photoelectrons 112 as related to
radiation dose, contamination levels, and contamination
species. Thus, both EUV dose and contamination at the
surface of mask 108 may be assessed using system 100 (¢.g.,
the photoelectron emission map includes data on both EUV
dose and contamination at the surface of the mask).

In certain embodiments, voltage 114 at the surface of
mask 108 1s biased lower than voltage 116 1n the region of
detector 104. Biasing voltage 114 lower than voltage 116
may 1ncrease electron collection efliciency in detector 104.
In some embodiments, voltage 114 at mask 108 1s given a
negative potential relative to voltage 116. Providing the
negative potential may inhibit photoelectron return to mask
108.

After EUV beam 110 fimishes a scan of a selected area on
mask 108, a signal history log of photoelectrons 112
detected at detector 104 may be recorded. The signal history
log may provide a photoelectron emission (capability) map
of the surface of mask 108 at the point 1n time of the scan.
The spatial resolution of the photoelectron emission map
may be limited by the size of EUV beam 110. For example,
if the spot size of EUV beam 110 on the mask 1s about 0.5
mmx0.5 mm, the photoelectron emission map may have a
comparable spatial resolution. In some embodiments, the
photoelectron emission map 1s created during a time nterval
in which a surface property of mask 108 changes. I such a
change occurs, the photoelectron emission capability map
may show (e.g., reveal) the surface property change.

In certain embodiments, 1f detector 104 1s a scintillator-
light pipe-PMT (photoelectron multiplier tube) combination
detector or a scintillator-APD (avalanche photodiode) detec-
tor, fiber optics are used 1n detector 104 to introduce a time
delay between pulse emission from the source and data
collections at detector 104. The fiber optics may be placed
between the scintillator, where visible light 1s generated by
photoelectrons, and the PMT or APD detectors. Introducing
the time delay may temporally separate the electromagnetic
noise from photoelectron source 106 at detector 104 and the
optical signal generated by the photoelectrons from the
mask, thus, increasing signal-to-noise ratios at detector 104.

In some embodiments, system 100 includes one or more
accelerating electrodes positioned at or near detector 104.
The accelerating electrodes may be biased at positive poten-
tial to attract electrons towards detector 104. In some
embodiments, system 100 includes one or more 1maging
clectrodes and one or more detectors used for sub-patch
photoemission electron microscopy (PEEM).

In certain embodiments, system 100 includes one or more
clectron intensity and spectrum analyzers. The analyzers
may be placed i or near the photoelectron collection
(detection) path. The analyzers may be used to assess both
the electron intensity and spectrum of photoelectrons 112.
Analyzing both the electron intensity and spectrum of pho-
toelectrons 112 may be used to provide assessment of both
dose and contamination on mask 108. The spectrum ana-
lyzers may be based on, for example, magnetic-field induced
clectron trajectory bending, time-of-tlight, or stopping-po-
tential discrimination. In some embodiments, the analyzers
are based on filtering for compactness, simplicity, and low
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cost. The filtering may be a mosaic of differing thickness of
absorber placed 1n front of a very thin scintillator positioned
on top of a CCD camera or APD array. Thus, cumulative
clectron spectra may be assessed with a single detector array
similar to Auger spectra of contaminants on surfaces.

System 100 may provide a system for mask contamina-
tion detection in situ (e.g., 1 real time) with EUV mask
ispection. Detector 104 allows 1n situ detection of photo-
clectrons emitted from the surface of mask 108 during
impingement of the EUV mask 1nspection beam. Thus, no
secondary sources of radiation are needed to generate pho-
toelectrons for detection by detector 104. Detection of
photoelectrons 112 may be non-invasive as there 1s no
interference with the path of EUV beam 110 or optics spaces
by detector 104. Detection of photoelectrons 112 using
detector 104 may provide a sensitive method for detecting
trace concentrations of contaminants on the mask surtface. In
certain embodiments, a yield of photoelectrons on the order
of 10” are generated with each pulse from EUV beam 110.
Such a yield should provide enough signal level of photo-
clectrons for high sensitivity detection using detector 104.

Generating photoelectrons 112 using EUV beam 110
provides no surface or localized damage to mask 108. Thus,
system 100 provides a non-destructive system for assess-
ment of surface contamination unlike, for example, TOF-
SIMS. Because system 100 may be integrated into an
existing mask inspection system, system 100 provides a low
cost implementation for detecting and characterizing con-
tamination on mask surfaces.

In some embodiments, system 100 1s used to provide a
stand alone diagnostic procedure for masks (e.g. tooling
masks). For example, system 100 may be used for diagnostic
procedures performed independently of any mask 1nspec-
tion. In some embodiments, system 100 1s used to detect
contamination on a pellicle used near the top of a mask. The
pellicle may be a thin film applied near the top of the mask
to block particles from falling onto the mask. When using
the pellicle, system 100 may be used to detect contamination
on the pellicle. Use of the pellicle may, however, disable or
inhibit detection of contamination on the mask.

FIG. 4 depicts a schematic of an embodiment of photo-
clectron emission mapping system 200. System 200 may be
used to provide a map of photelectron emission on mirror
surfaces (e.g., mirrors used in EUV technology). System 200
may be located 1n a vacuum chamber (e.g., an EUV cham-
ber). The photoelectron emission map may be used as an
indicator of surface property changes and/or absorbed radia-
tion doses on the EUV mirror. Surface property changes may
be caused by, for example, contamination due to carbon
deposition or oxidation on the surface of the mirror and/or
particulation 1ssues during EUV lithography or inspection
operations. System 200 may provide assessment of total
photoelectric yield from the mirror in relation to factors such
as, but not limited to, radiation dose and contaminant
thickness. System 200 may provide assessment of photo-
clectron energy from the mirror 1n relation to factors such as,
but not limited to, contaminant species.

In certain embodiments, system 200 includes mirror 202,
detector 204, and photoelectron source 206. Mirror 202 may
be placed or held 1n place for testing using techniques known
in the art. Mirror 202 may be a mirror used mn EUV
technology. For example, mirror 202 may be a normal
incidence mirror having Mo/S1 multilayers with or without
a Ru (ruthenium) cap layer or mirror 202 may be a grazing
angle incident mirror with Ru coating.

In certain embodiments, photoelectron source 206 1s an
EUV light source. For example, photoelectron source 206
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may provide light at wavelengths between about 10 nm and
about 124 nm (the EUV wavelength range). EUV beam 210
from photoelectron source 206 may impinge (be incident on)
mirror 202.

In certain embodiments, detector 204 1s located at the side
of mirror 202 (e.g., out of the path of EUV beam 210 from
photoelectron source 202 or the optics space envelopes in
system 200). Detector 204 may be a photoelectron detector.
For example, detector 204 may be used to detect photoelec-
trons ejected from mirror 202 during exposure to EUV beam
210 from photoelectron source 206. Detector 204 may be
any photoelectron detector capable of detecting photoelec-
trons at the sensitivity and bandwidth limits needed in
system 200. Examples of detectors suitable for use as
detector 204 i1nclude, but are not limited to, a scintillator-
light pipe-PMT combination detector (shown in FIG. 5), a
scintillator-APD detector, an electron multiplier detector, an
MCP detector, or a biased electrode detector. In some
embodiments, multi-pixel photon counting (MCCP) devices

based upon single photon APD arrays may be used instead
of a PMT or linear APD array.

During exposure to EUV beam 210 from photoelectron
source 206, photons from EUV beam 210 are absorbed 1n the
surface of mirror 202 and create photoelectrons 212 that
emit from the mirror surface. The yield rate of photoelec-
trons 212 may depend on the binding energy of the particular
material of the surface of mirror 202 that interacts with EUV
photons from EUV beam 210. The photoelectron yield will
vary based on the contamination on the surface of mirror
202. For example, the photoelectron yield may vary based
on carbon deposition or oxidation on the surface of mirror
202. Thus, detection of the photoelectron yield using detec-
tor 204 may provide information on the surface contamina-
tion level or other surface property changes of mirror 202.

In certain embodiments, detector 204 detects (e.g., col-
lects) photoelectrons 212 that emit from mirror 202 (e.g., the
surface of the mirror) during EUV exposure. The collected
photoelectrons may be analyzed and assessed to provide a
photoelectron emission map of the surface of mirror 202.
EUV beam 210 may have a fimite spot size on the surface of
mirror 202 during scanning of the mirror surface. In some
embodiments, EUV beam 210 scans the surface ol mirror
202 1n a serial fashion. In certain embodiments, detector 204
assesses both intensity and electron spectra of photoelec-
trons 212 as related to radiation dose, contamination levels,
and contamination species. Thus, both EUV dose and con-
tamination at the surface of mirror 202 may be assessed
using system 200 (e.g., the photoelectron emission map
includes data on both EUV dose and contamination at the
surface of the mirror).

In certain embodiments, voltage 214 at the surface of
mirror 202 1s biased lower than voltage 216 1n the region of
detector 204. Biasing voltage 214 lower than voltage 216
may 1ncrease electron collection efliciency 1n detector 204.
Biasing of the voltages to increase electron collection efli-
ciency may provide high detection rates and high contami-
nation sensitivity 1n system 200. In certain embodiments,
detector 204 1s placed at a selected distance away from
photoelectron source 206 that inhibits mechanical interfer-
ence with the photoelectron source. Detector 204 may be
placed at the selected distance as long as voltage 216 1s
sufliciently large compared to voltage 214 to still attract
clectrons to the detector front surface for collection and/or
amplification.

After EUV beam 210 finishes a scan of a selected area on
mirror 202, a signal history log of photoelectrons 212
detected at detector 204 may be recorded. The signal history
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log may provide a photoelectron emission (capability) map
of the surface of mirror 202 at the point 1n time of the scan.
The spatial resolution of the photoelectron emission map
may be limited by the size of EUV beam 210, as described
above for FUV beam 110. In some embodiments, the
photoelectron emission map 1s created during a time nterval
in which a surface property of mirror 202 changes. If such
a change occurs, the photoelectron emission capability map
may show the surface property change.

In certain embodiments, detector 204 i1s an FEverhart-
Thornley type detector (e.g., a type of scintillator-light
pipe-PMT combination detector). FIG. 5 depicts a schematic
of an embodiment of a modified Everhart-Thomley type
detector 204'. Detector 204' includes biasing electrode 250
in front of scintillator 252, which 1s followed by light pipe
254 and photoelectron multiplier tube (PMT) 256. For
collection of photoelectrons 212, voltage 216 at biasing
clectrode 250 needs to be sufliciently larger than voltage 214
at mirror 202 (shown 1n FIG. 4) to attract photoelectrons to
the area ol scintillator 252. Additionally, voltage 258 at
scintillator 252 needs to be larger than voltage 216 to
accelerate the photoelectrons to have enough energy to
create electrons on the scintillator. PMT 256 may amplily
the electron signal to provide a desired signal level.

It may be possible to use other detectors to provide similar
functions to detector 204'. For example, another embodi-
ment of detector 204 may include a Marketech type very thin
waler scintillator coupled to a fiber optic cable that 1s routed
to an avalanche photodiode (APD). The APD may be
mounted remotely (e.g., outside the EUV chamber). The
fiber optic cable (or any other fiber optics used 1n system
200) may be used to introduce a time delay between pulse
emission from photoelectron source 206 and data collections
at detector 204. Introducing the time delay may temporally
separate the electromagnetic noise from photoelectron
source 206 at the detector and the optical signal generated by
the photoelectrons from the mirror, thus increasing signal-
to-noise ratios at detector 204.

In certain embodiments, system 200 includes one or more
clectron intensity and spectrum analyzers. The analyzers
may be placed i or near the photoelectron collection
(detection) path. The analyzers may be used to assess both
the electron intensity and spectrum of photoelectrons 212.
Analyzing both the electron 1ntensity and spectrum of pho-
toelectrons 212 may be used to provide assessment of both
dose and contamination on mirror 202. The spectrum ana-
lyzers may be based on, for example, magnetic-field induced
clectron trajectory bending, time-of-tlight, or stopping-po-
tential discrimination. In some embodiments, the analyzers
are based on filtering for compactness, simplicity, and low
cost. The filtering may be a mosaic of differing thickness of
absorber placed 1n front of a very thin scintillator positioned
on top of a CCD camera or APD array. Thus, cumulative
clectron spectra may be assessed with a single detector array
similar to Auger spectra of contaminants on surfaces.

System 200 may provide a system for contamination
detection 1n situ (e.g., 1n real time) for mirrors used 1n EUV
mask nspection and lithography systems. Detector 204
allows 1n situ detection of photoelectrons emitted from the
surface of mirror 202 during impingement of EUV beam
210. Thus, no secondary sources of radiation are needed to
generate photoelectrons for detection by detector 204 as the
source of radiation 1s a commonly used radiation source 1n
EUV systems. Detection of photoelectrons 212 may be
non-invasive as there 1s no interference with the path of
EUV beam 210 or optics spaces by detector 204. Detection
of photoelectrons 212 using detector 204 may provide a
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sensitive method for detecting trace concentrations of con-
taminants on the mask surface.

Generating photoelectrons 212 using EUV beam 210
provides no surface or localized damage to mirror 202. Thus,
system 200 provides a non-destructive system for assess-
ment of surface contamination unlike, for example, TOF-
SIMS. Because system 200 may be integrated into an
existing mask mnspection or lithography system, system 200
provides a low footprint, low cost implementation for
detecting and characterizing contamination on EUV mirror
surfaces. In some embodiments, system 200 1s used to
provide a stand-alone diagnostic procedure for EUV mir-
rors. For example, system 200 may be used for diagnostic
procedures performed independently of any mask inspection
or lithography system.

It 1s to be understood the invention 1s not limited to
particular systems described which may, of course, vary. It
1s also to be understood that the terminology used herein 1s
for the purpose of describing particular embodiments only,
and 1s not mtended to be limiting. As used in this specifi-
cation, the singular forms “a”, “an” and “the” include plural
referents unless the content clearly indicates otherwise.
Thus, for example, reference to “a source” includes a
combination of two or more sources and reference to “a
contaminant” includes mixtures of contaminants.

Further modifications and alternative embodiments of
various aspects of the mvention will be apparent to those
skilled 1n the art 1n view of this description. Accordingly, this
description 1s to be construed as illustrative only and 1s for
the purpose of teaching those skilled 1n the art the general
manner ol carrying out the invention. It 1s to be understood
that the forms of the mvention shown and described herein
are to be taken as the presently preferred embodiments.
Elements and materials may be substituted for those 1llus-
trated and described herein, parts and processes may be
reversed, and certain features of the invention may be
utilized mdependently, all as would be apparent to one
skilled 1n the art after having the benefit of this description
of the mvention. Changes may be made 1n the elements
described herein without departing from the spirit and scope
of the mvention as described 1n the following claims.

What 1s claimed 1s:

1. A photoelectron emission mapping system for photo-
lithography masks, comprising;:

a mask defect mnspection stage;

a photoelectron source used for mask inspection;

a photoelectron detector located outside a beam path
between the photoelectron source and the mask defect
inspection stage, the photoelectron detector comprising
a scintillator, wherein the photoelectron detector 1is
configured to detect photoelectrons emitted from a
surface of a mask coupled to the mask defect inspection
stage when light from the photoelectron source
impinges on the mask during inspection of the mask,
and wherein the photoelectron detector 1s configured to
assess both electron intensity and electron spectra of
the photoelectrons emitted from the surface of the
mask, the photoelectron detector comprising a proces-
sor configured to assess radiation dose, contamination
level, and contamination species on the mask using the
assessed electron intensity and electron spectra of the
photoelectrons; and

a biasing electrode located between the mask and the
scintillator:;

wherein the surface of the mask 1s biased at a first voltage
during use and the biasing electrode 1s biased at a
second voltage during use, wherein the second voltage
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1s a positive potential, and wherein the first voltage has
a negative potential relative to the second voltage.

2. The system of claim 1, wherein the photoelectron
detector 1s located a distance from the photoelectron source
that inhibits the photoelectron detector causing mechanical
interference with the photoelectron source.

3. The system of claim 1, further comprising fiber optics
located between the photoelectron source and the photoelec-
tron detector, wherein the fiber optics are used to introduce
a time delay between emission of light from the photoelec-
tron source and detection of photoelectrons by the photo-
clectron detector during use.

4. The system of claim 1, wherein the system 1s config-
ured to assess at least one of photoelectron dose and con-
tamination at the surface of the mask.

5. The system of claim 1, wherein the photoelectron
source provides light at wavelengths between about 5 nm
and about 124 nm.

6. The system of claim 1, further comprising a spectrum
analzyer placed in a photoelectron collection path of the
photoelectron detector, wherein the spectrum analyzer 1s
configured to assess both the electron intensity and the
clectron spectra of the photoelectrons emitted from the
surface of the mask.

7. A method for assessing contamination on one or more
photolithography masks, comprising:

providing a photolithography mask to a mask defect

inspection stage;

providing an mspection beam of light to the mask from a

photoelectron source;

inspecting the mask using the mspection beam of light;

collecting photoelectrons emitted from a surface of the

mask using a photoelectron detector, wherein the pho-
toelectrons are created by impingement of the 1mspec-
tion beam on the surface of the mask, and wherein the
photoelectron detector 1s located outside an optical path
between the photoelectron source and the mask defect
ispection stage, the optical path being used for mspec-
tion of the mask:

biasing the surface of the mask at a first voltage;

biasing a biasing electrode located between the mask and

a scinfillator of the photoelectron detector at a second
voltage, wherein the second voltage 1s a positive poten-
t1al and the first voltage has a negative potential relative
to the second voltage;

assessing both electron intensity and electron spectra of

the collected photoelectrons emitted from the surface of
the mask; and

assessing, using a processor on the photoelectron detector,

radiation dose, contamination level, and contamination
species on the mask from the assessed electron inten-
sity and electron spectra.

8. The method of claiam 7, wherein the photoelectron
detector 1s located a distance from the photoelectron source
that inhibits the photoelectron detector causing mechanical
interference with the photoelectron source.

9. The method of claim 7, further comprising itroducing,
a time delay between emission of the inspection beam from
the photoelectron source and collection of the photoelec-
trons by the photoelectron detector.

10. The method of claim 7, wherein the mspection beam
1s an mspection beam for wavelengths between about 5 nm
and about 124 nm.

11. A photoelectron emission mapping system for extreme
ultraviolet (EUV) mirrors, comprising:

a mirror for use at wavelengths between about 5 nm and

about 124 nm;
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an EUV photoelectron source that provides light at wave-
engths between about 5 nm and about 124 nm:;

a photoelectron detector located to the side of the mirror,
the photoelectron detector being to the side of the
mirror, the photoelectron detector comprising a scin-
tillator, wherein the photoelectron detector 1s config-
ured to detect photoelectrons emitted from a surface of
the mirror when light from the photoelectron source
impinges on the mirror, and wherein the photoelectron
detector 1s configured to assess both electron intensity
and electron spectra of the photoelectrons emitted from
the surface of the mirror, the photoelectron detector
comprising a processor configured to assess radiation
dose, contamination level, and contamination species
on the mirror using the assessed electron intensity and
clectron spectra of the photoelectrons; and

a biasing electrode between the mask and the scintillator;

wherein the surface of the mirror 1s biased at a first
voltage during use and the biasing electrode 1s biased at
a second voltage during use, wherein the second volt-
age 1s a positive potental, and wherein the first voltage
has a negative potential relative to the second voltage.

12. The system of claim 11, further comprising fiber
optics used to mtroduce a time delay between emission of
light from the photoelectron source and detection of photo-
clectrons by the photoelectron detector during use.

13. The system of claim 11, wherein the scintillator has a
voltage larger than the voltage of the biasing electrode
during use to accelerate photoelectrons towards the scintil-
lator.

14. The system of claim 11, wherein the photoelectron
source 1s used for mask inspection or mask photolithogra-
phy.

15. The system of claim 11, further comprising a spectrum
analzyer placed in a photoelectron collection path of the
photoelectron detector, wherein the spectrum analyzer i1s
configured to assess both the electron intensity and the
clectron spectra of the photoelectrons emitted from the
surface of the mirror.
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16. A method for assessing contamination on one or more
extreme ultraviolet (EUV) mirrors, comprising:

providing an EUV beam to an EUV mirror from a
photoelectron source that provides light at wavelengths
between about 5 nm and about 124 nm;

inspecting the mirror using the EUV beam:;

collecting photoelectrons emitted from a surface of the
mirror using a photoelectron detector, wherein the
photoelectrons are created by impingement of the EUV
beam on the surface of the mirror, wherein the photo-
electron detector 1s located to the side of the mirror, and
wherein the photoelectron detector 1s located outside an
optical path between the photoelectron source and the

mirror, the optical path being used for inspection of the
mirror;

biasing the surface of the mirror at a first voltage;

biasing a biasing electrode located between the mask and
a scintillator of the photoelectron detector at a second
voltage, wherein the second voltage 1s a positive poten-
tial and the first voltage has a negative potential relative
to the second voltage;

assessing both electron intensity and electron spectra of
the collected photoelectrons emitted from the surface of
the mirror; and

assessing, using a processor on the photoelectron detector,
radiation dose, contamination level, and contamination
species on the mirror from the assessed electron inten-
sity and electron spectra.

17. The method of claim 16, further comprising introduc-
ing a time delay between emission of the mspection beam
from the photoelectron source and collection of the photo-
clectrons by the photoelectron detector.

18. The method of claim 16, further comprising providing

a biasing voltage to accelerate the photoelectrons towards
the photoelectron detector.
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